Objective: To assess the epidemiological evidence on dietary carbohydrates and the risk of developing cancer. Method: Review of published studies, concentrating on recent systematic reviews, meta-analyses and large prospective studies. Conclusions: Carbohydrates have not been intensively investigated in epidemiological studies of diet and cancer. There is a moderately large amount of data on the possible association between dietary fibre and the risk for colorectal cancer; the results of studies have varied and no firm conclusion can be drawn, but the available data suggest that high intakes of dietary fibre possibly reduce the risk for colorectal cancer. There are also limited data which suggest that high intakes of sucrose might increase the risk for colorectal cancer and that high intakes of lactose might increase the risk for ovarian cancer. For other components of carbohydrates and other types of cancer, the available data are too sparse to draw even tentative conclusions. Further research is needed on the possible associations of carbohydrates with cancer risk.
Introduction

General
The causes of cancer are incompletely understood, and cancers in different organs in the body can have different causes. Reviews have provided estimates that dietary factors may account for approximately 30% of cancers in industrialized countries and approximately 20% in developing countries, but it has proved difficult to clearly establish the effects of dietary factors on cancer risk (WHO, 2003a,b; Key et al., 2004) . The WHO/FAO Expert Consultation in 2002 categorized putative nutritional risk factors according to the strength of the evidence available (WHO, 2003a) . The only diet-related factors for which there is convincing evidence of an effect on cancer risk are overweight and obesity, alcohol, aflatoxin and Chinese-style salted fish; there is also evidence that fruit and vegetables probably reduce the risk for some cancers, and that high intakes of preserved meat, saltpreserved foods and salt and very hot drinks and food probably increase the risk for some types of cancer (WHO, 2003a) .
The body of evidence relating to diet and cancer risk in humans derives mostly from observational epidemiological studies conducted during the last 30 years, together with a few randomized controlled trials. Most attention has been given to a small number of prominent hypotheses in relation to certain food groups, in particular meat, fruit and vegetables; certain macronutrients, especially fat and saturated fat; and some of the micronutrients. With the exception of dietary fibre, relatively little attention has been given to the possibility that consumption of carbohydrates may affect cancer risk, although some attention has been given to sucrose and recently several studies have investigated the possible associations of glycaemic index and glycaemic load with cancer risk.
Approach and methods of this overview
Our aim in this overview is to summarize the current evidence and understanding of the possible role of carbohydrates in determining the risk for various cancers. This is not a systematic review of all relevant literature; rather, we have discussed previous assessments by expert panels (World Cancer Research Fund, 1997; Department of Health UK, 1998; WHO, 2003a) , meta-analyses and systematic reviews, and data from recent publications (1995 onwards), especially from prospective studies which have not been considered in previous reviews. Publications were identified by searching on PubMed using the terms carbohydrate, sucrose, lactose, galactose, glycaemic index, glycaemic load, dietary fibre and individual cancer types, together with searching the reference lists of each paper identified. It is noted that the World Cancer Research Fund is currently updating their previous systematic review of diet and cancer; this will include all studies relevant to the possible associations between carbohydrate consumption and cancer risk, and is scheduled to be published during 2007.
For each cancer site we summarize the findings available in relation to sucrose, glycaemic index and glycaemic load and dietary fibre. Some studies have reported on total carbohydrate; we describe these findings briefly for stomach cancer, but for other cancers have followed the conclusion of the World Cancer Research Fund report (1997) , that such results are very difficult to interpret due to the differences between different types of carbohydrate, especially starches and sugars. The estimation and interpretation of glycaemic index and glycaemic load is discussed fully in the paper by Venn and Green (2007) ; we note here simply that glycaemic index is the blood glucose response to a test food compared to a standard reference food, that the glycaemic load is usually calculated by multiplying the glycaemic index of a food by the content of available carbohydrate, and that the interpretation of these estimates requires caution because of variations due to factors such as food preparation and total meal composition.
We have restricted our review to studies with cancer as the endpoint, excluding studies of intermediate endpoints such as precancerous lesions, with the single exception of colorectal cancer, where we discuss briefly the results of randomized trials and large prospective studies with colorectal adenoma as the endpoint. We have not discussed possible mechanisms in any detail, but where the epidemiological evidence suggests that there might be an association of carbohydrates with cancer risk we have mentioned briefly potential mechanisms which have been proposed.
Limitations of the research
The study of carbohydrates in relation to cancer risk suffers several limitations. As with all epidemiological studies of nutrition, it is difficult to obtain valid measures of long-term dietary intake. Dietary assessment in general is not very accurate, and for carbohydrates there are some particular problems; for example, substantial amounts of sucrose can be incorporated in many manufactured foods but this can be hard to quantify in epidemiological studies; most food composition tables do not distinguish the sugars naturally present in foods such as fruits from sugars added during food manufacturing; the definition of fibre varies between food tables; the amount of fibre in foods such as bread varies several fold according to the method of milling and sieving of the grain and flour, and it is difficult to identify the exact types of breads chosen and the quantity consumed using dietary questionnaires. Another problem concerns the interrelations of different dietary components; for energyproviding nutrients such as most carbohydrates (fibre is an exception because it provides little energy), the intake of carbohydrate is usually inversely correlated with the intake of some of the other macronutrients, such as fat, therefore it can be difficult to determine which macronutrient is genuinely associated with cancer risk.
Review of the role of carbohydrates in the aetiology of the major cancers Cancers of the oral cavity, pharynx and oesophagus The dietary factors known to be important in the aetiology of these cancers of the upper gastro-intestinal tract are alcohol, which can cause all these cancers, and obesity, which increases the risk for adenocarcinoma of the oesophagus (WHO, 2003a; Crew and Neugut, 2004) . Few studies have examined the risk for these cancers in relation to the consumption of any type of carbohydrate, although it has been suggested that dietary fibre might reduce the risk for adenocarcinoma of the oesophagus (Pera et al., 2005) .
Stomach cancer
Diet, together with infection by the bacterium Helicobacter pylori, is thought to be important in the aetiology of stomach cancer, but the exact nature of this relationship has not been established (Crew and Neugut, 2006) . Risk is probably decreased by a high intake of fruit and vegetables and increased by a high intake of salt-preserved foods and salt (Key et al., 2004) . Some studies have suggested that the risk for stomach cancer might be increased by diets high in starch or total carbohydrates (Muñoz et al., 2001; De Stefani et al., 2004; Lissowska et al., 2004) , but a recent large prospective study found no association (Larsson et al., 2006a) and the positive association observed in some studies may reflect the association of this cancer with low socioeconomic status. A few studies have examined the association between dietary fibre and risk for stomach cancer; one small case-control study reported an inverse association between dietary fibre and stomach cancer (De Stefani et al., 1999) , but others observed no association (Botterweck et al., 2000; Muñoz et al., 2001; Nomura et al., 2003; Lissowska et al., 2004) .
Whereas overall stomach cancer rates have fallen in most western countries so that these countries now have lower rates for this cancer than do many developing countries, one sub-type of stomach cancer, adenocarcinoma of the gastric cardia, is increasing and is more common among western than developing countries (Crew and Neugut, 2006) . The risk for this sub-type of stomach cancer is positively associated with obesity (Hampel et al., 2005) , and some evidence has led to the suggestion that a high intake of cereal fibre might reduce the risk for this type of stomach cancer (Terry et al., 2001) .
Overall, the data are insufficient to draw any conclusions as to whether the consumption of carbohydrates has any effect on the risk for stomach cancer.
Colorectal cancer
The aetiology of colorectal cancer is poorly understood, but rates are generally much higher in western countries than in developing countries, and much evidence suggests that dietary factors are likely to be important in the development of this disease (World Cancer Research Fund, 1997; Potter, 1999; Key et al., 2004) . However, despite much research on diet and colorectal cancer, it is still unclear which dietary factors are important. In relation to carbohydrates, the most prominent hypothesis is that high intakes of dietary fibre may reduce risk; there has also been some research into the possible roles of sugar and, more recently, of glycaemic index and glycaemic load.
Sucrose. The possibility that a high consumption of sucrose might increase the risk for colorectal cancer has been investigated in several epidemiological studies, but has not been studied extensively. In a review by Burley (1997) , 18 case-control and three prospective studies of sugar and colorectal cancer were considered; 7 of these 21 studies reported risk estimates consistent with a positive association between sugar consumption and the risk for colorectal cancer, but the author concluded that, due to the limited number of well-conducted studies, there was insufficient information to assess the degree of risk associated with sugar consumption. In the World Cancer Research Fund review (World Cancer Research Fund, 1997), 12 case-control studies and one cohort study were assessed (the smaller number of studies included in this review than in the Burley (1997) review is largely explained by the stricter application of criteria as to which studies were relevant among studies which reported on a limited number of foods); 8 of the 12 case-control studies, and the single cohort study, reported that diets comparatively high in refined sucrose or sucrosecontaining foods were associated with increased risk of colorectal cancer. The reviewers noted that high sugar intakes are associated with other dietary factors that may affect the risk for colorectal cancer, and concluded that diets high in extrinsic (refined) sugars possibly increase the risk of colorectal cancer, and that the evidence was strongest for sucrose. Table 1 summarizes the findings of prospective studies which have reported on sucrose intake and the risk for colorectal cancer; three of these four studies were published after the systematic reviews discussed above. For each study we have given the relative risk for people with the highest level of sucrose consumption compared to people with the lowest level of consumption within the same study. Three of the four relative risks reported were above unity, but none was statistically significant (Terry et al., 2003 did not cite a relative risk but stated that there was no association with sucrose).
Overall, therefore, the available data are compatible with the hypothesis that high intakes of sugar may increase the risk for colorectal cancer. However, the results from prospective studies are inconsistent, few studies have addressed this hypothesis as their primary, pre-specified objective and there may be reporting bias in that investigators may have selectively reported findings where there was a positive association of sucrose intake with the risk for colorectal cancer. Possible mechanisms by which high intakes of sucrose might increase the risk for colorectal cancer include increasing mouth to anus transit time and increasing the faecal concentration of secondary bile acids (Bostick et al., 1994) .
Glycaemic index and glycaemic load. Several case-control studies have suggested that there might be a positive association between diets with a high glycaemic index or glycaemic load and the risk for colorectal cancer (Slattery et al., 1997; Franceschi et al., 2001; Levi et al., 2002) . Subsequently, four prospective studies have investigated the associations of estimates of glycaemic index and glycaemic load with the risk for colorectal cancer (Table 2) . For glycaemic index, all four relative risks for high versus low index were above unity, but none was statistically significant. For glycaemic load, four out of five relative risks reported were greater than unity, of which one was statistically significant. The available data are too few to draw any conclusions on whether there is any association between either of these variables and the risk for colorectal cancer.
Fibre. Burkitt proposed in 1969 that a high intake of dietary fibre reduces the risk for colorectal cancer (Burkitt, 1969) . This hypothesis has subsequently been investigated in numerous observational studies. In a meta-analysis of 13 case-control studies, Howe et al. (1992) reported that people with a high intake of dietary fibre had a risk for colorectal cancer about 50% lower than that of people with a relatively low intake of dietary fibre (relative risk in highest versus lowest fifth of consumption was 0.53). However, the results from prospective studies have been much closer to null (Table 3 ). In the Pooling Project of Prospective Studies of Diet and Cancer, 8081 colorectal cancer cases were identified among men and women from 13 cohort studies (Park et al., 2005) . For comparison of the highest versus lowest studyand sex-specific fifth of dietary fibre intake, a significant inverse association was found in the age-adjusted model (pooled relative risk 0.84; 95% confidence interval [CI], 0.77-0.92). However, the association was attenuated and no longer statistically significant after adjusting for other dietary and non-dietary risk factors (pooled multivariate RR 0.94; 95% CI, 0.86-1.03). In the European Prospective Investigation into Cancer and Nutrition (EPIC), a large prospective study, which was not included in the Pooling Project, the association of dietary fibre with colorectal cancer was investigated among 1721 cases from nine European countries. The relative risk for people in the highest versus the lowest fifth of dietary fibre intake, adjusted for dietary and non-dietary covariates, was 0.79 (0.63-0.99; Bingham et al., 2005) . Thus the results from EPIC show a significantly lower risk for colorectal cancer associated with high-fibre intake, whereas the main results from the Pooling Project show no significant association; however, further analyses in the report from the Pooling Project show a significantly increased risk for colorectal cancer among participants with a very low intake of fibre (dietary fibre intake of o10 g/day versus intake of X30 g/day, relative risk 1.18 (1.05-1.31)). Both the Pooling Project and EPIC reported results according to the source of fibre, categorized as cereals, fruit or vegetables, but neither study showed clear differences in the association with risk according to fibre source (Bingham et al., 2005; Park et al., 2005) . A further recent prospective study in Japan, which was not included in the Pooling Project, reported no significant association of dietary fibre with colorectal cancer among 907 incident cases (Otani et al., 2006) . In the Women's Health Initiative (Beresford et al., 2006) , a randomized controlled trial designed to evaluate the effects of a low-fat eating pattern, the intervention aimed to reduce total fat and to increase consumption of vegetables, fruits and grains, and the intake of dietary fibre in the intervention group increased from 15.4 to 17.9 g/day. The hazard ratio for colorectal cancer during 8 years of follow-up was 1.08 (0.90-1.29), thus the small increase in dietary fibre intake did not reduce the risk of colorectal cancer. In three randomized controlled trials with colorectal adenoma as the endpoint, the recurrence of adenomas was not reduced by a fibre supplement, a high-fibre cereal supplement or by a highfibre low-fat diet (Alberts et al., 2000; Bonithon-Kopp et al., 2000; Schatzkin et al., 2000) , although a recent pooled analysis of the latter two trials suggested that there was a significant reduction in adenoma recurrence among men but not among women (Jacobs et al., 2006) , and observational prospective studies have suggested that high intakes of dietary fibre may reduce the risk for adenomas (Peters et al., 2003; Robertson et al., 2005) . However, although some colorectal adenomas progress to cancer, many do not, therefore factors which affect adenomas may not have the same effect on colorectal cancer. In summary, despite a substantial amount of research, the relationship of dietary fibre intake with the development of colorectal cancer is not well understood, and we conclude that high intakes of dietary fibre possibly reduce the risk for colorectal cancer.
Several mechanisms which might explain a protective effect of fibre have been proposed; dietary fibre might reduce the risk for colorectal cancer by increasing the speed of transit of food material through the large intestine, by fermentation to short-chain fatty acids which may promote cell differentiation, induce apoptosis and/or inhibit the production of secondary bile acids by reducing luminal pH, or by other mechanisms (Hague et al., 1995; Nagengast et al., 1995; Potter, 1999) .
Some studies have investigated whether consumption of whole grains rather than refined grains is associated with a relatively low risk for colorectal cancer. In a review and metaanalysis in 1998, Jacobs et al. (1998) concluded that the evidence from case-control studies supported the hypothesis that a high intake of whole grains reduces the risk for colorectal cancer. However, the Pooling Project of Prospective Studies of Diet and Cancer showed no significant association between whole grain intake and the risk for colorectal cancer (Park et al., 2005) .
Cancer of the liver and biliary tract
The major causes of liver cancer (hepatocellular carcinoma) include hepatitis viruses, cirrhosis, liver flukes and aflatoxins (WHO, 2003b; Bosch et al., 2005) . Carbohydrates are not thought to be directly relevant to the aetiology of this cancer, although under poor storage conditions some staple foods such as maize and rice, which are rich sources of carbohydrates, can become contaminated with aflatoxins produced by aspergillus.
For cancer of the biliary tract, Zatonski et al. (1997) reported in a case-control study that a high intake of carbohydrates was associated with a substantial increase in risk; however, this might reflect dietary changes due to longstanding symptoms of gallbladder disease. There are few other data on the possible role of carbohydrates in the aetiology of this cancer, and no conclusions can be drawn (Pandey, 2003) .
Cancer of the pancreas
The only well-established risk factor for cancer of the pancreas is smoking (Lowenfels and Maisonneuve, 2005) . Chronic pancreatitis and type-II diabetes are associated with pancreatic cancer (Michaud, 2004; Huxley et al., 2005) but some uncertainties remain as to whether these represent largely causal associations or whether these non-malignant conditions are sometimes due to the presence of early pancreatic cancer. The role of diet in the aetiology of this cancer is not well understood. Obesity is weakly positively associated with risk (Berrington de Gonzalez et al., 2003) , but no other dietary risk factors have been confirmed. Based on the association with diabetes, it has been proposed that the risk for cancer of the pancreas may be increased by a diet with a high glycaemic load and by impaired glucose tolerance, insulin resistance and hyperinsulinaemia. Three prospective studies have examined the associations of sugar, sugar-sweetened soft drinks, glycaemic index and glycaemic load with the risk for pancreatic cancer: sucrose itself was not associated with risk and the results for glycaemic index and load were inconsistent (Michaud et al., 2002; Johnson et al., 2005; Silvera et al., 2005a) , whereas there was some evidence that risk increased with a high intake of sugar-sweetened soft drinks in women (Schernhammer et al., 2005) . Case-control studies have suggested that high intakes of dietary fibre might reduce risk (World Cancer Research Fund, 1997 ), but few data are available from prospective studies (StolzenbergSolomon et al., 2002) . There are insufficient data to draw any conclusions.
Lung cancer
Most cases of lung cancer are caused by smoking. The possibility that diet might also have an effect was raised by studies in the 1970s (Key et al., 2004) . Subsequent research has focused on fruit, vegetables and related micronutrients, with little attention given to carbohydrates. No dietary effects on lung cancer have been established, and the weak associations between some dietary factors and risk observed in many studies might be due to residual confounding by smoking.
Breast cancer
The established risk factors for breast cancer are hormonal and reproductive factors (Key et al., 2003) . Risk among postmenopausal women is increased by obesity , probably because obese women have relatively high oestrogen production due to synthesis in the adipose tissue from androgen precursors (Endogenous Hormones and Breast Cancer Collaborative Group, 2003) . In relation to carbohydrates, it is possible that high intakes of sucrose or high glycaemic load might increase risk by leading to obesity (see van Dam and Seidell, 2007) which causes an increase in endogenous oestrogen levels, while it is possible that high intakes of fibre might reduce risk, perhaps by interrupting the entero-hepatic circulation of oestrogens and therefore reducing oestrogen levels in the breasts (Key et al., 2003) .
Sucrose. Few studies have investigated the association between sucrose consumption and breast cancer risk. In previous reviews it was concluded that the little evidence available was inconsistent and therefore that no judgement was possible (World Cancer Research Fund, 1997) or that although there was some suggestion of a small increase in risk of breast cancer in association with a high consumption of sucrose-containing foods, such as cakes and biscuits, there was insufficient evidence to conclude whether sugar has any association with breast cancer risk (Burley, 1998) . Some subsequent case-control studies have also observed an increased risk for breast cancer among women with a relatively high consumption of sugar (Romieu et al., 2004) or sweet foods (Potischman et al., 2002) . Subsequent prospective studies have mainly examined glycaemic index and glycaemic load (see below) rather than sucrose, and the few prospective data published on sucrose have not suggested that there is an association with breast cancer risk (Nielsen et al., 2005; Silvera et al., 2005b) .
Glycaemic index and glycaemic load. Seven prospective studies have investigated the associations of estimates of glycaemic index and glycaemic load with the risk for breast cancer (Table 4) . For glycaemic index, the relative risks for a high index versus a low index ranged from 0.88. to 1.15, with a median of 1.03, and one of the relative risk was significantly greater than unity. For glycaemic load the relative risks for a high load versus a low load ranged from 0.87 to 1.19, with a median of 1.02 and none was statistically significant. The available data therefore suggest that there is no association between either of these variables and the risk for breast cancer.
Fibre. In previous systematic reviews, the World Cancer Research Fund (1997) concluded that, based largely on the findings from case-control studies, dietary fibre possibly decreases the risk of breast cancer, whereas the Department of Health UK report concluded simply that the evidence was inconsistent (Department of Health UK, 1998). In six subsequent prospective studies, the relative risks for high versus low consumption of total dietary fibre ranged from 0.58. to 1.08, with a median of 0.92 (Table 5) , and one of these relative risks was significantly below unity. Analyses according to the food source of fibre, categorized as cereals, fruit and vegetables, did not show any significant associations with risk (Table 5) . Overall, the data do not support the hypothesis that a high intake of dietary fibre might reduce breast cancer risk.
In a prospective study, there was no clear association between the consumption of whole and refined grain and breast cancer risk . Cancer of the endometrium The development of endometrial cancer is strongly related to hormonal factors: both parity and use of the oral contraceptive pill reduce risk, whereas obesity and oestrogen-only hormone replacement therapy increase risk (Amant et al., 2005) . There are few data on dietary carbohydrates and endometrial cancer risk; available results do not suggest an association of risk with total carbohydrates or with dietary fibre, but have suggested a possible association with high glycaemic index or glycaemic load (Jain et al., 2000; Augustin et al., 2003; Folsom et al., 2003; Silvera et al., 2005c) . Since obesity increases risk by about threefold (Bergstrom et al., 2001; International Agency for Research on Cancer, 2002) , it is possible that any associations with the glycaemic index or load of the diet may be explained by the effect of obesity.
One prospective study has reported that high consumption of whole grain is associated with a reduced risk for endometrial cancer among women who had never used hormone replacement therapy (Kasum et al., 2001) .
Cancer of the cervix
The principal cause of cancer of the cervix is persistent infection with oncogenic strains of the human papilloma virus (zur Hausen, 2002) . The possibility that dietary factors might influence risk has been investigated in a number of studies, but these have focused largely on carotenoids and folic acid, with little attention given to carbohydrates (Garcia-Closas et al., 2005) .
Cancer of the ovary
The development of ovarian cancer is strongly related to hormonal factors: both parity and use of the oral contraceptive pill reduce risk (Banks et al., 1997) . Cramer et al. (1989) proposed that a high consumption of lactose might increase the risk for ovarian cancer, perhaps due to adverse effects of galactose on the ovaries. A number of studies have subsequently addressed this hypothesis. In a meta-analysis, Larsson et al. (2006b) concluded that the results of casecontrol studies were heterogeneous and did not suggest an association of lactose intake with the risk for ovarian cancer. However, they reported that in the three prospective studies examined there was evidence of a significant positive association between lactose consumption and ovarian cancer risk. A pooled analysis of 12 prospective studies, which included the three studies reviewed by Larsson et al. (2006b) , reported that the risk for ovarian cancer was higher among people with the highest lactose intake than among those with the lowest lactose intake (relative risk 1.19 (1.01-1.40)), although the test for a linear trend was not statistically significant (Genkinger et al., 2006) . Overall, we conclude that a high intake of lactose is possibly associated with a small increase in the risk for ovarian cancer. As proposed by Cramer et al. (1989) , one possible mechanism for such an association is a direct adverse effect of galactose on the ovaries. For other carbohydrates, there are few data in relation to the risk for ovarian cancer (Schulz et al., 2004) .
Prostate cancer
The causes of prostate cancer are poorly understood, and despite considerable research on the association of dietary factors with risk, no foods or nutrients have been clearly established as risk factors for this disease (Chan et al., 2005) . Very little of this research has been focused on carbohydrates, and the data available have not suggested that there is an association between carbohydrate intake and prostate cancer risk (Chan et al., 2005) .
Bladder cancer
The principal known risk factor for bladder cancer is tobacco (WHO, 2003b) . Some studies have investigated the possible role of dietary factors, but the results have been inconclusive and little attention has been given to carbohydrates (Zeegers et al., 2004) .
Kidney cancer
The aetiology of kidney cancer is poorly understood. Obesity increases risk, but the mechanism for this is unknown (Wolk et al., 1996) . Studies have suggested possible associations with some dietary factors, but have focused mainly on the possible increased risks associated with the consumption of meat, eggs and dairy products and the possible reduction in risk associated with high intakes of fruit and vegetables. The results have been inconclusive and little attention has been given to carbohydrates (Wolk et al., 1996; Lindblad et al., 1997; Handa and Kreiger, 2002; Nicodemus et al., 2004; Rashidkhani et al., 2005) .
Other cancers
For other cancers, not discussed above, little or no research has been conducted on whether dietary carbohydrates may have any direct impact on the development of disease.
Obesity: associations with carbohydrate intake and cancer risk Obesity is an established risk factor for cancers of the oesophagus (adenocarcinoma) colorectum, breast, endometrium and kidney (International Agency for Research on Cancer, 2002; Key et al., 2004) . The role of carbohydrates, especially sucrose and fibre, in the aetiology of obesity is discussed in the paper by van Dam and Seidell (2007) in this supplement. Where dietary carbohydrates contribute to obesity then they almost certainly also contribute to increasing the risk for these particular cancer sites, but this link may not be clearly seen in observational studies if the magnitude of both these associations is moderate or small.
Acrylamide
Acrylamide is a chemical which has been shown to be carcinogenic in some tests on laboratory animals, and can be formed from carbohydrates during the production or cooking of foods at high temperatures. The possible effects of dietary acrylamide on cancer risk in humans have been reviewed by the Joint FAO/WHO Expert Committee on Food Additives (http://www.who.int/foodsafety/chem/chemicals/ acrylamide/en/). This committee concluded in 2005 that, based on comparisons with the intake shown to cause mammary tumours in rats, acrylamide intakes in humans are generally low but that there is a possible human health concern for high consumers. Epidemiological data available are limited but have not suggested any association of estimated dietary acrylamide intake with cancer risk in humans (Mucci and Adami, 2005; Pelucchi et al., 2006; Wilson et al., 2006) .
Conclusions and recommendations
Carbohydrates as a group have not been intensively investigated in epidemiological studies of diet and cancer. There is a moderately large amount of data on the possible association between dietary fibre and the risk for colorectal cancer; the results of studies have varied and no firm conclusion can be drawn, but the available data suggest that high intakes of dietary fibre possibly reduce the risk for colorectal cancer. There are also limited data which suggest that high intakes of sucrose might increase the risk for colorectal cancer and that high intakes of lactose might increase the risk for ovarian cancer. For other components of carbohydrates and other types of cancer, the available data are too sparse to draw any conclusions. Further research is needed on the possible associations of carbohydrates with cancer risk. The systematic review being conducted by the World Cancer Research Fund will provide a detailed update in 2007. Further information could also be provided by extending the Pooling Project of Prospective Studies of Diet and Cancer to examine specific classes of carbohydrates in relation to a range of cancer sites.
